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a-Galactosyl epitopes on glycoproteins of porcine renal extra- vascular endothelium of the graft and activate comple-
cellular matrix. ment, inducing immediate thrombotic and necrotizing
Background. The pig is the donor animal of choice for hu- lesions [reviewed in 1]. The principal antigenic target of
man xenotransplantation. In the most relevant pig-to-baboon
human natural antibodies is the Gala1-3Galb1-4GlcNAcmodel, pig organs transplanted into baboons are hyperacutely
epitope [commonly termed a-galactosyl (aGal)], ex-rejected by natural xenoantibodies, which mainly bind to
a-galactosyl (aGal) epitopes expressed at the surface of endo- pressed mostly in nonprimate mammals, prosimians, and
thelial cells. Recent advances in controlling hyperacute rejec- New World monkeys, but absent in Old World monkeys,
tion have led to improved survival of these xenografts, and it apes, and humans, all of which have circulating aGal
is now important to identify aGal binding sites in other cells antibodies [2]. Hyperacute rejection is mainly mediatedand tissues that may be subject to immunologic attack. To this
by aGal IgM, specific depletion or neutralization ofend, we have studied whether aGal antibodies bind to glycated
which prevents or delays it. In these conditions, or afterproteins of the extracellular matrix in the kidney and other
organs most likely to be used for human xenotransplantation. a first xenograft, there is synthesis of anti-aGal IgG that
Methods. High-titer anti-aGal antibodies, similar to human binds and activates endothelial cells and cooperates with
natural xenoantibodies, were prepared in baboons, and their IgM in the development of acute vascular rejection,
reactivity with components of pig extracellular matrix was which follows [1, 3].tested by serology and immunohistology.
Because of recent progress in the prevention and treat-Results. The antibodies recognized epitopes of immobilized
ment of xenograft rejection, it now seems probable thatmurine, bovine or porcine thyroglobulin, laminin, heparan sul-
fate proteoglycans, and fibronectin. In sections of pig tissue, pig xenografts can be made to survive in humans beyond
the antibodies bound to endothelial and certain epithelial cells, acute vascular rejection [3]. Therefore, it is important to
as shown in previous studies, and also to mesenchymal cells, determine whether aGal antibodies—that in hyperacute
basement membranes, and extracellular matrices, in which they
rejection mainly bind to endothelium—can also bind tocolocalized with matrix glycoproteins, especially laminin and
less accessible extravascular cells and extracellular com-heparan sulfate proteoglycans.
partments. To obtain this information, we have preparedConclusions. These results suggest that when pig xenografts
can be made to survive for prolonged periods, the reactivity in baboons high-titer aGal antibodies and have used
of aGal antibody with matrix molecules can induce basement serological and immunohistologic methods to determine
membrane and matrix lesions similar to those induced in labo- their binding capacity to pig tissues and to single compo-
ratory animals by antilaminin and antiheparan sulfate proteo-
nents of the extracellular matrix. We show that in addi-glycans antibodies.
tion to endothelial and certain epithelial cells, aGal anti-
bodies bind to epitopes on fibroblasts, chondrocytes,
macrophages, basement membranes, and extracellularThe first major hurdle in transplantation of pig organs
matrix, especially on laminin and heparan sulfate proteo-into humans or Old World monkeys is hyperacute rejec-
glycans. These extracellular epitopes could be patho-tion mediated by natural antibodies that bind to the
genic in pig organs that will eventually survive in humans
for prolonged periods.
Key words: laminin, heparan sulfate proteoglycans, fibronectin, xeno-
transplantation, transplantation.
METHODS
Received for publication June 1, 1999 Animalsand in revised form August 2, 1999
Accepted for publication September 9, 1999 Baboons (Papio anubis; 25 to 31 kg body wt) were
obtained from the Biomedical Research FoundationÓ 2000 by the International Society of Nephrology
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(Houston, TX, USA). One two-day-old pig and 15 minia- from Becton Dickinson (Frankin Lakes, NJ, USA). Hu-
man plasma fibronectin, bovine plasma fibronectin, por-ture pigs were purchased from Harlan Sprague-Dawley
(Sinclair Research, Inc., Columbia, MO, USA). Tissues cine thyroglobulin, mouse laminin from mouse En-
glebert-Holm-Swarm (EHS) tumor, laminin from humanfrom four outbred adult pigs were obtained from a local
abattoir. The protocol for animal studies was formally placenta, heparan sulfate proteoglycans from mouse
EHS tumor, bovine chondroitin sulfate A, bovine hyalur-approved by the Columbia University Review Board.
onate, rat type I collagen, and chicken type II collagen
Antigen preparation and immunization were obtained from Sigma, and bovine type III collagen
and chicken Tenascin were from Chemicon Interna-Four baboons were immunized with 1 mg aGal conju-
gated to bovine serum albumin (BSA; 14-atom spacer; tional, Inc. The 54 kd rabbit tubular basement membrane
nephritogenic antigen, a gift from Drs. Butkowshi andDextra Laboratories, Ltd., Reading, UK) in equal vol-
ume of incomplete Freund’s adjuvant (Sigma, St. Louis, Charonis, was prepare as previously described [9].
Agarose antihuman IgM (m-chain specific), biotinMO, USA) at multiple subcutaneous and intradermal
sites. After three weeks, a subcutaneous booster injec- (long arm) NHS (Blanks) N-hydroxysuccinidyl-6-(bio-
tinamide) hexanoate, BNHS, o-phenyledediamine dihy-tion of 500 mg of aGal/BSA in incomplete Freund’s
adjuvant was given. After the first bleeding, the baboons drochloride, 3-39-dimethoxybenzidine, ovalbumin, pig
albumin, BSA, protease inhibitors cocktail, and p-nitro-received boost injections every four weeks and were bled
every six weeks (,10% of blood volume). The same phenylphosphate, heparinase III, a-galactosidase, and
b-galactosidase were obtained from Sigma. Other re-protocol was used to immunize a sheep with BSA. Preim-
mune baboon sera were used as comparison with the agents were Micro-Ouchterlony Kit (ICN, Costa Mesa,
CA, USA) and nitrocellulose membranes, gels, and Tris-baboon immune sera, and aGal antibody-negative sera
from normal rabbit and pigs were used as controls. The glycine (Bio-Rad).
g-globulin fractions were obtained by precipitation in
Enzyme-linked immunosorbent assay50% ammonium sulfate. IgG was isolated using Immu-
noPure Immobilized protein A column (Pierce, Rock- aGal reactivity on immobilized aGal/BSA or aGal
epitope-rich pig thyroglobulin and mouse laminin andford, IL, USA). The flow-through, devoid of IgG, was
used as preparation containing mainly IgM. The total on single components of the extracellular matrix was
studied with the method of Engvall and Perlman [10].protein concentration was measured by a standard Brad-
ford protein assay (Bio-Rad, Hercules, CA, USA). The The reactivity of the baboon anti-aGal with murine ex-
tracellular matrix was determined using plates of murineconcentration of g-globulins, IgG, and IgM was deter-
mined by radial immunodiffusion [4]. aGal antibodies basement membrane-like matrix of EHS tumor (Matri-
gel; Benton Dickinson) and that with cultured porcinewere affinity purified from baboon anti-aGal serum on
a 0.2 mL aGal-conjugated silica beads column (Synsorb endothelial cells with the method described by Platt et
al [11]. Controls were normal rabbit and pig serum115; Chembiomed, Edmonton, Alberta, Canada), as pre-
viously described [5]. Titers of adsorbed and subse- (which do not contain aGal antibody), baboon anti-aGal
flow-through of aGal immunoadsorption column, ba-quently eluted antibodies and of the flow-through were
determined by enzyme-linked immunosorbent assay boon anti-aGal absorbed with aGal/BSA or aGal-rich
rabbit erythrocytes, and sheep anti-BSA.(ELISA) on aGal/BSA, mouse laminin, and porcine en-
dothelial cells. Silica beads conjugated with Galb1-
Western blot analysis4GlcNac-R epitopes were used as a specificity control.
Other baboon anti-aGal aliquots were depleted of aGal Components of the extracellular matrix (5 mg) were
subjected to sodium dodecyl sulfate-polyacrylamide gelreactivity by extensive absorption with aGal-rich rabbit
erythrocytes [6] and were also tested by ELISA. electrophoresis (SDS-PAGE) under reducing conditions
on 4 to 15% gradient gels [12]. The proteins were trans-
Other antibodies, lectins, components of the ferred to nitrocellulose membranes, incubated with 10
extracellular matrix and chemicals mg/mL of primary antibodies, followed by secondary
peroxidase-conjugated antibody. Prior to electrophore-Antimouse laminin antibody was purchased from
Sigma Chemical Co. and antimouse perlecan and antirat sis, heparan sulfate proteoglycans was digested with hep-
arinase.fibronectin antibodies from Chemicon Int. Inc. (Teme-
cula, CA, USA). Antibodies to rat heparan sulfate pro-
Tissue preparations for immunohistochemistryteoglycans [7] and to podocallyxin [8] were gifts from
Dr. M.G. Farquhar and R.A. Orlando. All secondary, Fragments of lung, kidney, heart, liver, intestine, skin,
skeletal muscle, brain, eye, pancreas, peritoneal serosa,conjugated, and in a few instances, unconjugated affinity-
purified antibodies and lectins were purchased from and fat were obtained immediately after sacrifice. Fresh
frozen sections were stained, or double-stained, withSigma. Biocoat matrigel thin-layer plates were purchased
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FITC- or TRITC-conjugated antibodies [13]. The sec- the same staining pattern. The IgM fractions of naive
pigs or preimmune sera did not stain the tissues, whereastions were examined in a Nikon epifluorescence and a
phase-contrast microscope or a Zeiss LSM 410 Laser IgM of baboon anti-aGal stained similarly to IgG, but
weaker. In tissues of all pigs tested the staining patternsscanning confocal microscope. Control experiments
were performed with baboon anti-aGal absorbed with were similar, although with varied intensity.
In the kidney, aGal was localized in the brush borderaGal/BSA or rabbit erythrocytes, sheep anti-BSA, sub-
stitution of the primary antibody with PBS, and digestion of renal proximal tubules, tubular basement membranes,
and basolateral compartments in proximal tubules, inof tissue sections with a- or b-galactosidase. This last
test was performed with a two-hour incubation with 1 the endothelium of peritubular capillaries and, less in-
tensely, in the glomerular basement membranes (Fig. 2unit of a-galactosidase and 2 units of b-galactosidase in
100 mmol/L NaCl and 50 mmol/L sodium acetate, pH 5, A–C). The fibroblast-like cells in the medullary intersti-
tium were strongly stained (Fig. 2E). With the exceptionin a closed, wet chamber at 378C. As control, buffer
without enzyme was added. After digestion, the sections of tubular epithelium, aGal colocalized with laminin and
heparan sulfate proteoglycans (Fig. 2 C–F), and it alsowere washed and stained with FITC-conjugated baboon
anti-aGal. colocalized with podocalyxin in endothelia and in the
podocytes. Fibronectin, which is mainly present in the
mesangium and tubular basement membranes, coloca-
RESULTS
lized with aGal in these structures.
Serological characterization of baboon anti-aGal In the lung, immunofluorescence for aGal was mainly
in: alveolar epithelium, and alveolar macrophages, septalImmunoreactivity was studied by ELISA on aGal/
BSA; IgG titers were increased 64-fold, and IgM titers fibroblast-like cells and septal matrix; bronchial vessels
and plasma membranes of bronchial epithelial cells, lam-were increased two- to fourfold, as compared with naive
baboon or preimmune baboon. Similar results were ob- ina propria, and peribronchial extracellular matrix; chon-
drocytes and ground substance of bronchial cartilagetained with aGal-bearing proteins, such as pig thyroglob-
ulin and mouse laminin. Sheep anti-BSA was not reactive (Fig. 3 A–D). aGal colocalized with laminin and heparan
sulfate proteoglycans in the basement membranes of al-(Fig. 1A). Immunoreactivity of baboon anti-aGal/BSA
IgG on porcine endothelial cells was 20 to 30 times higher veoli (Fig. 4 A–F, J, and K), bronchi, serous and mucous
bronchial glands, and vessels. Fibronectin partially colo-than preimmune baboon IgG (data not shown).
Reactivity with the extracellular matrix was studied by calized with aGal in alveolar basement membranes, but
was mainly expressed in the septa (Fig. 4 G–I) and inELISA on Matrigel, showing binding to mouse laminin,
mouse heparan sulfate proteoglycans, and bovine fibro- the media of the arteries, where aGal was not, or only
weakly, detected.nectin. Binding of baboon anti-aGal was 328-fold higher
than that of preimmune baboon g-globulin (Fig. 1B). In the liver, aGal was detected in the walls of sinusoids,
in the matrix of the septa, and in the walls of septal andThe presence of aGal epitopes in single components
of the extracellular matrix was also studied by ELISA; portal vessels and of central veins. With double staining
and confocal microscopy, aGal was visualized in themouse laminin and mouse heparan sulfate proteoglycans
were most reactive, and minimally bovine fibronectin endothelium of sinusoids and colocalized with laminin
and heparan sulfate proteoglycans, in the basement(Fig. 1C).
Western blot analysis (Fig. 1D) showed binding of membranes of the vessels, and in Disse’s space. With
fibronectin, it colocalized in the matrix of the septa andaGal antibody to immobilized mouse laminin (lane 1),
mouse heparan sulfate proteoglycans (lane 4), and bo- in Disse’s space, but not in the basement membranes.
In the heart, aGal was strongly expressed in endothe-vine fibronectin (lane 6), but not to human laminin (lane
3) and human fibronectin (lane 8). The reactivity for lium, basement membranes, and smooth muscles of all
vessels, in the sarcolemma of cardiomyocytes, and withmouse laminin (lane 2), mouse heparan sulfate proteo-
glycans (lane 5), and bovine fibronectin (lane 7) was weaker intensity, in the connective tissue around muscle
fibers. Laminin, heparan sulfate proteoglycans, and fi-abolished by absorption of baboon anti-aGal antibody
with rabbit erythrocytes. bronectin colocalized with aGal in the basement mem-
branes and sarcolemma, but were also expressed in the
Binding of baboon anti-aGal to normal pig tissues transverse striations.
In large vessels, aGal was localized in the surfaceThe highest dilution producing unequivocal immuno-
fluorescence in pig tissue sections was 0.63 mg/mL. The endothelium and in the vasa vasorum and, in lesser
amount, in smooth muscle cells and connective tissuestaining titer of baboon anti-aGal IgG was 200-fold
higher than that of preimmune baboon IgG, which matrix of aorta. aGal was present in endothelium of
pulmonary vein but in that of pulmonary artery was onlymainly bound to tubular brush border. This IgG and
affinity-purified baboon anti-aGal antibody produced minimal and focal; it was also present in endothelium
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Fig. 2. Localization of aGal in the kidney. (A) Localization of aGal in glomerular capillary walls and Bowman’s capsule. (B) Strong expression
of aGal in the brush border of proximal tubules and in tubular basement membranes. (C and D) Renal cortex. aGal (C) and laminin (D) antibodies
colocalize in tubular and, with less intensity, glomeular basement membranes; in contrast, only aGal antibodies stain tubular brush border. (E
and F ) Inner stripe of the renal medulla. aGal antibody (E) and Griffonia Simplicifolia B4 (F) bind to fibroblast-like cells and to capillaries. (G
and H ) a-galactosidase digestion abolishes the ability of baboon anti-aGal to stain the kidney tissue (G), whereas b-galactosidase does not (H).
(I ) Absorption of baboon anti-aGal with aGal-rich rabbit erythrocytes abolished the ability to stain the kidney. A and B, 3800; C to I, 3400.
b
Fig. 1. Serological characterization of baboon anti-aGal. (A) Reactivity of baboon anti-aGal IgG and IgM by ELISA with aGal/BSA. The titer
of baboon anti-aGal IgG (j) is increased 64-fold as compared with preimmune baboon IgG (h). The titer of baboon anti-aGal IgM (d) is
increased twofold to fourfold. Symbols are: (s), normal baboon IgM; (X) sheep anti-BSA IgG. (B) ELISA reactivity of baboon anti-aGal and
preimmune baboon g-globulins with Matrigel. The binding of baboon anti-aGal (j) is 328-fold higher than that of preimmune baboon g-globulin
(h); (n), normal rabbit g-globulin. (C) Binding of baboon anti-aGal to aGal/BSA, pig thyroglobulin, and to single components of the extracellular
matrix, measured by ELISA. The highest binding is for aGal/BSA (h), followed by mouse laminin (j), porcine thyroglobulin (n), mouse heparan
sulfate proteoglycans (d), and bovine fibronectin (m). The antibody does not react with human laminin (X) and the nephritogenic tubular basement
membrane antigen or with bovine chondroitin sulfate, hyaluronate, bovine collagen I, II and III, pig collagen I and II, and BSA (data not shown).
(D) Western blot analysis of components of the extracellular matrix. Baboon anti-aGal antibody recognizes antigens expressed on mouse laminin
(lane 1), mouse heparan sulfate proteoglycans (lane 4), and bovine fibronectin (lane 6), but not on human laminin (lane 3) and human fibronectin
(lane 8). Absorption of aGal antibody with rabbit erythrocytes abolishes the reactivity with mouse laminin (lane 2), mouse heparan sulfate
proteoglycans (lane 5), and bovine fibronectin (lane 7).
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Fig. 3. Localization of aGal in the lung. (A and
B) Alveolar capillary walls (a, indicates an alveo-
lar space) and wall of a large vessel (arrow). (C
and D) Medium sized bronchus. aGal (C) and
perlecan (D) antibodies colocalize in the chon-
drocytes, in epithelial, vascular, and glandular
basement membranes, and in the lamina propria.
A and B, 3400; C and D, 3600.
and smooth muscle cells of medium-sized muscular arter- BSA and to aGal epitope-rich mouse laminin and pig
thyroglobulin. These results are consistent with the im-ies and veins. By dual-fluorescence confocal microscopy,
laminin, and heparan sulfate, proteoglycans colocalized mune responses of monkeys transplanted with porcine
or bovine cartilage [14] and patients transplanted withwith aGal in the basement membranes and smooth mus-
fetal porcine cells [15] or treated with porcine liver perfu-cle cells. Fibronectin colocalized in only the connective
sion [16].tissue.
By ELISA, baboon anti-aGal react with MatrigelThe specificity of baboon anti-aGal for aGal was
(which contains laminin, heparan sulfate proteoglycans,shown by their colocalization with Griffonia Simplicifolia
and type IV collagen, with a ratio of 1:0.6:00.3) [17] moreB4 (Fig. 2 E, F) and by examination of sections predi-
strongly than preimmune baboon serum. These resultsgested with a- or b-galactosidase. Digestion with aGal
confirm that laminin expresses aGal epitopes [2, 18],actosidase, but not with b-galactosidase, abolished the
and they provide new serological evidence that aGalstaining (Fig. 2 G, H). Moreover, absorption with aGal/
antibodies recognized epitopes on heparan sulfate pro-BSA, but not with BSA, and absorption with aGal-rich
teoglycans. The reactive epitope of the glycoproteinsrabbit erythrocytes abolished the ability of baboon anti-
identified by human natural xenoantibodies is aGalaGal to stain (Fig. 2I). Sheep anti-BSA, used at the
[19–21], which is broadly represented in phylogeny [5].concentration of 300 mg/mL, did not stain (data not
Therefore, baboon anti-aGal is a reagent suitable forshown).
the study of events that may occur in porcine grafts
when human hosts develop a memory, high titer and
DISCUSSION high avidity, anti-aGal immune response.
We have studied the distribution of baboon anti-aGal In agreement with previous studies, mainly performed
antibodies in pig kidney and other organs most likely to with Griffonia Simplicifolia B4 and aGal antibody iso-
be used for human transplantation, and provide new lated from normal human sera [22, 23], we found that
serological and morphological information on the ex- aGal is expressed on vascular endothelial and some epi-
pression of aGal epitopes on some glycoproteins of the thelial cells. However, baboon anti-aGal also stained
extracellular matrix and cells that make and remodel it. the basement membranes and the extracellular matrices
Immunization of baboons with aGal/BSA resulted in where they colocalized with laminin, heparan sulfate pro-
teoglycans, and partially with fibronectin antibodies.the production of increased levels of aGal IgG and IgM,
as shown by increased binding to immobilized aGal/ Moreover, the aGal antibodies strongly bound to all
Fig. 4. Colocalization of aGal with laminin and heparan sulfate proteoglycans. Sections of normal pig lung stained with two antibodies, one
labeled with Texas red, and the other with FITC, and they were studied by confocal microscopy. aGal (A, D, and G) is mainly localized in the
alveolar epithelium, and at the surface of an alveolar macrophage (A, arrow). Laminin (B) is localized in the alveolar basement membrane and
in the alveolar septa, but not in the alveolar macrophage (arrow); heparan sulfate proteoglycans (E) is localized in the peripheral alveolar basement
membrane. Fibronectin (H) is mainly in the septa (arrow) and, weakly, in the alveolar basement membrane. In C and in F, the yellow/orange
color indicates basement membrane colocalization of aGal and laminin (arrow), and aGal and heparan sulfate proteoglycans, respectively. In (I),
the orange color indicates a weak basement membrane colocalization of aGal and fibronectin. (J and K) These are enlargements of the areas
indicated by rectangles in C and F. A to I, 31500; J and K, 33000.
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and the natural anti-Gal antibody, in Molecular Biology and Evolu-mesenchymal cells, including various types of fibroblasts,
tion of Blood Groups and MHC Antigens in Primates, edited by
chondrocytes, and monocyte/macrophages, especially al- Blamcher A, Klein J, Socha WW, Berlin, Springer, 1997, pp
236–253veolar macrophages. In general, the staining was more
3. Platt JL: New direction for organ transplantation. Nature 392:11–diffuse than that obtained with antibodies to single com-
17, 1998
ponents of the extracellular matrix, such as laminin, he- 4. Mancini G, Carbonara AO, Heremans JF: Immunochemical
quantitation of antigens by single radial immunodiffusion. Immu-paran sulfate proteoglycans, and fibronectin, probably
nochemistry 2:235–254, 1965because of the widespread distribution of aGal epitopes
5. Galili U, Shohat SB, Kobrin A, Stults CLM, Macher BA: Man,
on glycoproteins and glycolipids [2]. The principal immu- apes and Old World monkeys differ from other mammals in the
expression of a-galactosyl epitopes on nucleated cells. J Biol Chemnologic target was aGal because the staining was identi-
263:17755–17762, 1988cal to that obtained with Griffonia Simplicifolia B4,
6. Stellner K, Saito H, Hakomori S: Determination of aminosugar
which is specific for aGal epitopes [18, 24], was eradi- linkage in glycolipids by methylation: Aminosugar linkage of cera-
mide pentasaccharides of rabbit erythrocytes and Forssman anti-cated by digestion with a-galactosidase, but not by
gen. Arch Biochem Biophys 133:464–469, 1973b-galactosidase, was abolished by absorption of baboon
7. Stow JL, Sawada H, Farquhar MG: Basement membrane he-
anti-aGal with aGal/BSA, but not with BSA, and was paran sulfate proteoglycans are concentrated in the laminae rarae
and in podocytes of the rat renal glomerulus. Proc Natl Acad Scialmost completely abolished by absorption with aGal-
USA 82:3296–3300, 1985rich rabbit erythrocytes. The binding of baboon anti-
8. Kerjaschki D, Sharky DJ, Farquhar MG: Identification and char-
aGal to the extracellular matrix and to cells that synthe- acterization of podocalyxin: The major sialoprotein of the renal
glomerular epithelial cells. J Cell Biol 98:1591–1596, 1984size is congruent with the results of experiments in which
9. Butkowski RJ, Langveld JP, Wieslander J, Brentjens JR, An-pig organs, extracorporeally perfused with human blood,
dres G: Characterization of a tubular basement membrane compo-
bound IgG and IgM to basement membranes and extra- nent reactive with autoantibodies associated with tubulointerstitial
nephritis. J Biol Chem 265:21091–21098, 1990cellular matrix [25].
10. Engvall E, Perlman P: Enzyme-linked immunosorbent assayIn conclusion, the serologic study demonstrates reac-
(ELISA): Quantitative assay of immunoglobulin G. Immunochem-
tivity of aGal antibodies for matrix glycoproteins, espe- istry 8:871–874, 1971
11. Platt LJ, Turman MA, Noreen GHG, Fischel RJ, Bolman RM,cially laminin and heparan sulfate proteoglycans, and
Bach FH: An ELISA assay for xenoreactive natural antibodies.these results are complemented by immunohistologic
Transplantation 49:1000–1001, 1990
studies showing that in pig tissues, anti-aGal, antilami- 12. Laemmli UK: Cleavage of structural proteins during assembly of
the head of baceriophage T4. Nature 227:680–685, 1970nin, and antiheparan sulfate proteoglycans antibodies
13. Camussi G, Kerjaschki D, Gonda M, Nevins T, Rielle J-C,are colocalized. The reactivity of aGal antibodies with
Brentjens J, Andres G: Expression and modulation of surface
extracellular matrix may have consequences if all the antigens in cultured rat glomerular visceral epithelial cells. J Histo-
chem Cytochem 37:1675–1687, 1989epitopes visualized in tissue sections are accessible to
14. Galili U, La Temple DC, Walgenbach AW, Stone KR: PorcineaGal antibodies in vivo and if pig organs will be made
and bovine cartilage transplants in cynomolgus monkey. II.
to survive in humans for long periods, a prospect that Changes in anti-Gal response during chronic rejection. Trans-
now seems increasingly probable [3]. In these conditions, plantation 63:646–651, 1997
15. Galili U, Tibell A, Samelsson B, Rydberg L, Groth CG: In-aGal antibody may contribute to acute vascular rejection
creased anti-Gal activity in diabetic patients transplanted with fetaland later elicit basement membrane changes, similar to porcine islet cell clusters. Transplantation 59:1549–1556, 1995
those induced in laboratory animals by antilaminin 16. Cotterell AH, Collins BH, Parker W, Harland RC, Platt
JF: The humoral immune response in humans following cross-[26, 27] and antiheparan sulfate proteoglycans [28, 29]
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